Anion transport across the erythrocyte membrane, in situ proteolysis of band 3 protein, and cross-linking of proteolytic fragments by 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonate.
Extracellular chymotrypsin cleaves the 95 000 dalton protein that migrates in band 3 of SDS-polyacrylamide gel electropherograms of the erythrocyte membrane into fragments of 60 000 and 35 000 daltons, but not further. Minor components of band 3 that remain at the original 95 000 dalton location may be eluted from the membrane by 0.1 N NaOH, indicating that, in contrast to the major component and the chymotryptic fragments, they are not integral membrane constituents. Incubation at neutral pH of chymotrypsinized erythrocytes with the bifunctional anion transport inhibitor 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonic acid results in covalent binding of that inhibitor primarily to the 60 000 dalton fragment and some cross-linking of the 60 000 dalton fragment with the 35 000 dalton fragment. Increasing the pH to 9.5 leads to a cross-linking of virtually all of the pairs of chymotryptic fragments and thus to a reconstitution of band 3 with its typical diffuse appearance in the 95 000 dalton region of the SDS-polyacrylamide gels. This indicates that (1) each integral 95 000 dalton protein molecule is capable of binding at least one 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonic acid molecule; (2) the 35 000 dalton fragment, though it is only weakly stained with Coomassie blue, is present in an amount that is equimolar with that of the 60 000 dalton fragment. Since the number of 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonic acid binding sites on the protein in band 3/cell is known to be close to the number of band 3 molecules/cell, it is suggested that the cross-linking takes place at a region of the band 3 molecule that is involved in the control of anion transport, Like chymotrypsin, papain digests the band 3 protein from the outer membrane surface. Unlike chymotrypsin, however, papain digestion results in an inhibition of anion exchange. Papain produces a major fragment of 60 000 daltons that differs from the major chymotryptic fragment by at most six amino acid residues. The only detectable difference between the noninhibitory action of chymotrypsin and the inhibitory action of papain on the band 3 protein is that papain is capable of partially digesting the 35000 dalton fragment. No reconstitution of band 3 by cross-linking of the fragments with 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonic acid can be achieved. Since the 35 000 dalton fragment reacts with one of the two reactive groups of 4,4'-diisothiocyano dihydrostilbene-2,2'-disulfonic acid and is also susceptible to digestion by the inhibitory papain, we suggest that a portion of this peptide participates, together with a portion of the 60 000 dalton fragment, in the control anion transport.